A new steroid, itesmol 3-O-palmitate (1), along with two known steroids were isolated from the trunk of Berberis koreana. The structure of 1 was determined on the basis of spectroscopic analyses involving 2D NMR and chemical reactions. Compound 1 exhibited potential antiproliferative activity against A549, SK-OV-3, SK-MEL-2, and HCT-15 cell lines (respective IC 50 values of 7. 41, 9.20, 4.53, and 12.91 M).
Unusual steroids have been isolated from many higher plants. 1, 2) Many of them showed interesting oxygenation patterns and structural modifications of both the side chain and polycyclic core. These steroids have attracted strong interest for cell biology and pathophysiology because of their wide range of biological activities, in particular their cytotoxicity. [1] [2] [3] As part of our efforts to screen the bioactive constituents of Korean medicinal plants with potential anti-tumor activities, we found that an MeOH extract of the trunk of Berberis koreana exhibited considerable cytotoxic activity against cultured human tumor cell lines in vitro. 4, 5) B. koreana (Berberidaceae), one of the endemic Korean plants, is used as a traditional Korean medicine for treating fever, gastroenteritis, sore throats, and conjunctivitis. 6) Previous phytochemical investigations have isolated such alkaloids as benzylisoquinoline and protoberberine derivatives from this plant. [7] [8] [9] Our earlier phytochemical investigation of B. koreana by bioassay-guided purification resulted in the isolation of biphenyls and triterpenoids with cytotoxicity. 4, 5) Our continuing search for active constituents from the n-hexane soluble fraction led to the isolation of three steroids, including the new 3-O-fatty acid ester of a steroid, itesmol 3-Opalmitate (1) (Fig. 1A) . We describe here the isolation, structures, and biological activities of these sterols.
The dried trunk of B. koreana (2.7 kg) was chopped, extracted twice with 80% aqueous MeOH (2 Â 4 h) under reflux, and then filtered. The resulting filtrate was concentrated under vacuum to afford a crude MeOH extract (220 g) which was suspended in H 2 O and successively partitioned with n-hexane, CHCl 3 , and nBuOH, respectively yielding 8, 10, and 50 g of a residue. Each fraction was evaluated for cytotoxicity against cultured human tumor cell lines by using sulforhodamin B (SRB) bioassays.
10) The n-hexane-soluble fraction was found to have significant cytotoxic activity against the tested tumor cell lines. 5) This fraction (8 g) was subjected to silica gel (230-400 mesh, 250 g) column chromatography, eluting with n-hexane-EtOAc 12) This fatty acid unit after being esterified with methanol was analyzed by GC-MS as a methyl ester and identified as palmitic acid. The sterol moiety was identified as itesmol on the basis of an analysis of its MS and NMR spectra and by comparing with reported spectroscopic data.
11) The 1 H-NMR chemical shift at H-3 [ H 4.63 (1H, m)] was downfield by +1.15 ppm when compared with that of itesmol, indicating that the palmitic acid residue was located at C-3 of the itesmol moiety. 11) This deduction is supported by the HMBC correlation between H-3 ( H 4.63) and C-1 0 ( C 173.5) (Fig. 1B) . The planar structure of 1 was determined from the HMQC and HMBC correlations (Fig. 1B) . The absolute configuration of C-22 was assigned as R by the coupling constant of H-22 (ddd, , whose stereochemistry at C-24 had been elucidated by an X-ray crystal structure determination. 14, 15) These foregoing data enabled the configuration of C-20, C-22 and C-24 to established as 20S, 22R and 24R, and the structure of 1 was determined to be itesmol 3-O-palmitate.
16) The analogous acylated sterol, stigmast-5-ene-7,22-diol-3-tetradecanoate, has recently been isolated from Sinacalia tangutica.
17) The two known sterols were identified as -sitosterol (2) and stigmast-4-en-3-one (3) by comparing the physicochemical and spectroscopic data with those previously reported. 18, 19) To the best of our knowledge, known compounds 2 and 3 were isolated for the first time from this plant.
Compounds 1-3 and itesmol obtained by the hydrolysis of 1 were evaluated for their antiproliferative activities against the four human tumor cell lines, A549 (non-small cell lung adenocarcinoma), SK-OV-3 (ovarian cancer cells), SK-MEL-2 (skin melanoma), and HCT15 (colon cancer cells), by using the SRB bioassay.
10) The results of this assay (Table 2) showed compound 1 to have significant antiproliferative activity against the A549, SK-OV-3, SK-MEL-2, and HCT-15 cell lines (respective IC 50 values of 7.41, 9.20, 4.53, and 12.91 mM). Itesmol and compounds 2 and 3 showed weak inhibitory activity against the proliferation of the tested cell lines, with IC 50 values in the range of 13.85-51.70 mM. A comparison of the biological data between 1 and itesmol indicates that the presence of acyl group at C-3 could be important for manifesting the activity in such steroids (Table 2) , although more steroids need to A, Structures of compounds 1-3. B, Key HMBC correlations for 1. be tested to confirm this hypothesis. These data provide valuable information for future synthetic and pharmacological studies.
In conclusion, we isolated and identified one new and two known steroids (1-3) from the trunk of B. koreana. Compound 1 with a fatty acid ester group exhibited significant anti-tumor effects. To our knowledge, this is the first report of steroids from B. koreana suppressing the survival of cancer cells.
